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Introduction: Northwest Africa (NWA) 5990 is a 
very fresh Martian meteorite recently found on Hama-
da du Draa, Morocco and was classified as an olivine-
bearing diabasic igneous rock related to depleted sher-
gottites [1]. The study of  [1] also showed that NWA 
5990 resembles QUE 94201 in chemical, textural and 
isotopic aspects, except QUE 94201 contains no oli-
vine. The depleted shergottites are characterized by 
REE patterns that are highly depleted in LREE, older 
Sm-Nd ages of 327-575 Ma and highly LREE-depleted 
sources with  Nd= +35~+48 [2-7]. Age-dating these 
samples by Sm-Nd and Rb-Sr methods is very chal-
lenging because they have been strongly shocked and 
contain very low abundances of light rare earth ele-
ments (Sm and Nd), Rb and Sr. In addition, terrestrial 
contaminants which are commonly present in desert 
meteorites will compromise the equilibrium of isotopic 
systems. Since NWA 5990 is a very fresh meteorite, it 
probably has not been subject to significant desert wea-
thering and thus is a good sample for isotopic studies. 
In this report, we present Rb-Sr and Sm-Nd isotopic 
results for NWA 5990, discuss the correlation of the 
determined ages with those of other depleted shergot-
tites, especially QUE 94201, and discuss the petroge-
nesis of depleted shergottites. 
Samples and Analytical Procedures: A large chip 
of NWA 5990, weighing ~1.1 g was allocated for this 
study. After chipping out fusion crusts, the sample was 
crushed gently to pass a nylon sieve of opening size 
<149 m. About 238 mg was taken as the bulk rock 
sample (WR). The rest of the sample was sieved into 
74-149 m (335 mg) and 44-74 m (205 mg) size frac-
tions. Mineral samples were separated from the 74-149 
m size fraction. The non-magnetic plagioclase (Plag) 
and the most magnetic opaques (MM) were separated 
by a Franz magnetic separator at current 1.0 A. The 
pyroxene and olivine samples were separated from the 
magnetic portion of the sample by densities using 
heavy liquids. In the density fraction (3.32-3.55 g/cm
3
), 
we obtained  the pyroxene sample (Px). In the density 
heavier than 3.55 g/cm
3
, we separated the olivine sam-
ple (Ol). In addition, the bulk rock and all mineral 
samples were washed with HCl (1N for Plag, MM and 
Ol and 2N for WR and Px) in an ultrasonic bath for 10 
minutes to eliminate possible post-crystallization, ex-
tra- or terrestrial, contamination. Residues (r) of acid-
washed bulk rock and mineral samples,  WR leaches (l) 
and the combined acid washes from all minerals 
(Leach) were analyzed. 
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Figure 1. Sm-Nd isochron of NWA 5990. 
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Figure 2.  Nd vs. T(age) of Depleted Shergottites. 
Sm-Nd isotopic results: Fig. 1 shows 
147
Sm/
144
Nd 
and 
143
Nd/
144
Nd data of ten NWA 5990 samples (red 
circles). All ten data points define a good linear array 
corresponding to a Sm-Nd age of 402±22 Ma for 
(
147
Sm)=0.00654 Ga
-1
 and an initial Nd=+42.4±1.0. 
using the Isoplot regression routines [9]. This age is 
older than those of QUE 94201 (327±19 Ma[2]) and 
NWA 1195 (347±13 Ma[7]), but younger than those of 
SaU 094/005 (445±18 Ma[6]), DaG/Y98 (470±12 
Ma[4,5]) and Dho 019 (575±18 Ma [3]). Initial Nd and 
age data for seven depleted shergottites studied so far 
are summarized in Fig. 2. It clearly shows that at least 
five igneous events related to the formation of depleted 
shergottites are identified. The magmatic activities 
spanned ~250 Ma. Variable exposure ages for these 
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meteorites suggest that they came from at least four 
impact-ejection events.  
Rb-Sr isotopic results: The 
87
Rb/
86
Sr and 
87
Sr/
86
Sr 
data for ten NWA 5990 samples (red circles) are 
shown in Fig 3. Unlike the Sm-Nd isotopic system in 
Fig 1, the Rb-Sr isotopic data are scattered and are not 
in isotopic equilibrium. However, four acid washed 
mineral samples (red solid circles) composed of two 
plagioclase (Plag and Plag(r)), pyroxene (Px(r)) and 
opaques (MM(r)) are collinear yielding an age of 
389±12Ma for (
87
Rb) =0.01402 Ga
-1
, which is within 
eorr of the corresponding Sm-Nd isochron age. The 
corresponding initial 
87
Sr/
86
Sr is 0.701497±9. 
Petrogenetic implications: Using a two-stage 
model, the mantle sources of these shergottites are im-
plied to have super-chondritic 
147
Sm/
144
Nd of ~0.26-
0.28. These high values suggest they were derived from 
strongly LREE-depleted mantle sources. To produce 
even more LREE-depleted melts of 
147
Sm/
144
Nd ~0.5 
found in depleted shergottites by partial melting 
event(s) at 327-575 Ma is not straightforward. It could 
have involved multiple episodes of remelting of resi-
dues at 327 Ma, as suggested for the genesis of dep-
leted shergottite QUE 94201 [2].  
Alternatively, these depleted shergottites (DS) 
could have been produced by processes with three ma-
jor stages, as shown in Fig. 4. This model starts with 
the formation of a DS source precursor at ~4.553 Ga, 
soon after martian core formation, and while the short-
lived nuclides 
146
Sm (most) and 
182
Hf (some) were still 
alive [10-13]. This source precursor could have been a 
garnet-bearing peridotitic cumulate crystallized during 
the early martian mantle differentiation. The model 
cumulate had nakhlite-like  
147
Sm/
144
Nd = ~0.235, but 
un-nakhlite-like low 
87
Rb/
86
Sr =~0.04 . It evolved until 
~1 Ga, when partial melting produced nakhlite-like 
LREE-enriched melts (red thin dotted lines) and their 
corresponding highly LREE-depleted residues. These 
residues became the direct DS sources, from which DS 
finally were produced by large degree melting 327-575 
Ma ago. This three-stage model can also explain the 
nakhlite-like positive 
142
Nd anomalies (~+0.6 )  of DS 
[e.g. 11, 13]. The Sm and Nd abundances of DS Yama-
to 980459 were reproduced by this model in [5].  
The above model suggests that we should have 
more martain meteorites of the Hesperian era, corres-
ponding to LREE-enriched nakhlite-like melts pro-
duced between  ~925 Ma and ~1.38 Ga, and associated 
with the production of DS sources. The ages of these 
mafic to permafic magmas (open red circles in Fig 5), 
although so far not sampled, would support the wide 
distribution of Hesperian volcanic materials on the 
martian surface implied by the revised crater-frequency 
curve of [14].  
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Figure 3. Rb-Sr isochron of NWA 5990. 
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Figure 4. Nd vs. T(age) of dep. sherg. & nakhlites. 
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Figure 5. Age distributions of Martian Rocks. 
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